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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a water-soluble PQQGDH(pyrroloquinolinequinone) 
(glucose dehydrogenase) having a reactivity to lactose or maltose lower than that to glucose. 
SOLUTION: This PQQGDH has an amino acid residue substituted from an amino acid residue 
corresponding to 1 67 aspartic acid residue of water-soluble PQQGDH derived from 
Acinetobacter calcoaceticus. 
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(57) immi 

QQGDHSrJget-rSdi:. 

Acinetobacter calcoaceticus ^5fok 

V^SPQQGDH. 
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CISkRJRI ] Acinetobacter calcoaceticus i5fe7j<^ 
^PQQGDH, 

6 7#a<50TxyN-5^>-g!^»*>flfecoT 5 ym^xs: 

m^ixTV^SPQQGDH. 

. 1 i 2 tCfB««?5P QQ G D H . 

Cif^:^4 ] IB^ : Ser Gin His Xaa Lys Ser Ser(^ 

^tf, PQQGDH. 

[ iS*3« 5 ] Xaa*<G 1 uTfc . t**:iS 3 MSMCO P Q Q 
GDH, 

Cff5l<Jl6] B^cr)PQQGDHi:JtigetTi?'/l^3 
iX*»tC:iea<0 P Q Q G D H , 

[ m^m 7 ] m^m i - e cov ^-rti-A^t^f e«i<^ p q q 

GD H Srn— H-r^itfE-?. 

c m^m 1 0 ] if 7 {cie«ofifE^*>'±^«:{= 
I m^m 1 1 ] m^m 9 izimcommmmi^i:*^ 

PQQGDHcoMm:^rS, 

c if ^iB 1 2 3 is^]^ 1 - 6 CO V ^-m^Hzimco p q 

QGDHSr-^tf:?^;!^^— Xr >y-fe>f =3f •/ 

[ m^m 1 3 ] 1 - e cov ■•■rtt^Hciie^o p q 

QG D H Sr-^tf riJ^/U-a— X-fe >-9-— , 
[0001] 

(PQQ) ^MPSJ:-f-S:5^yl-3-Xl8W<«»3g (G 

D H ) <7M^cr>r 5 ymmmijmcoT 5 yS!»»T'Si^ 

$ix-CV->^e2^PQQGDHtcM-r*. *^Bjc5e5t^ 
MPQQGDHti. m^^'^Sh^m^t'tZtiif^^ 

COO 02] 

l^Meom^] PQQGDHJi:. y 0 >^ y > 

xSrlS-fkL-C^/Uay 5^ h >'^r^fe^•r«.SJ(E2:M«■r 
[0 0 033 PQQGDHtCJi, 

mm^^h^^bijmi^tlX^^^. ^^ttPQQGOH 
Ji. ^"-^S^^JS 7 k D a.(7)>'>-^jU^y°^ VS&MX'h 
0. «^<?D^^JU^ttaic*3^^T/K<^v^Jt'5ixTV^ 



•6. Mim. AM. Cleton — Jansen e 
t al., J. Bacteriol. (199 
0) 17 2. 63 08-6 3 1 5^^m^tlfz\.\ 
— ^K^ttPQQGDHtiAcinetobacter calcoaceti 

cuscT) V ^ < -oi)^mzi3\, ^x -e<55#^j&<iii2 $ 

(Biosci. Biotech. Biochem. (1995). 59(8). 1548-15 
55) , -eo^itiifE^*>^'a--Vi?'$ixTSySSii?iJ 
3&*BH^>*HC:$nTl'*-S (Mol. Gen. Genet. (1989) . 217: 
430-436) . A.calcoaceticusi3ft7K?§14PQQGDH 
ti. ^^^^*«;5 0kDa^O^x^:y^ V— -C*-!.. ffccOP 

[0004] «jS. *SfSOX^MS*«3gjl?©fOfeS7&i 

HH'bT&^ii^oTt. (A.Oubrie et al., J. Mol. Biol., 28 
9, 319-333(1999); A. Oubrie et ai.. The EMBO Journ 
al, 18(19) 5187-5194 (1999); A. Oubrie et al . PNA 
S. 96(21), 11787-11791 (1999)) . cm^>c7)ift35:t=J: 

tlit^ 7|<?§'l4PQQGDH{i6-:3C0W-^f— y'*^^,^ 

!&$ti^ /3 yxD^^mmmx'h^ ^Lt-^mfj^t^'itz. 
[0005] jfli4'^/t'3--xifi]g{i. mmmcomw^j:'? 
-A-hLx '^mmw\±Mi^xm.m^j:mmx-h h , t 
fz. m±m^m\>^^mm^Miz}i{f^^)ua-:xmm.<o 
vyi}^i,zis\>^xmm^mst^-o 

(GOD) -g, t -vti^/ua 6 u >mm^mmm ( g 
6PDH) ^m\'^^mmmi>zj:<o^^tix\>-^fz. 

L. GOD 2rfflv^i.:6r&T«jJ^yU3-xg?'ft:S*Et=i: t 

-g.^tg1t*-'S>o/i. -:^r. G 6 p D H{i^^e<)#fttc 

P«f&<S.NAD (P) Sr^jDL=5:{ttl.tt'^^>^l^i:V^ 

^s.-)jmi>zm^^t^ixx^tzmm<,zf}-iy^mztcmmt l 

TPQQGDHcOlEfflT&^aa^nTV^^, PQQGDH 
fcitXPQQGD H liiW^^-^MtfO^T*) -1. Jta^m 

tOJEffl*-"W^;?ixrv^^, L*-L=Sr*>'^.PQQGDH« 

3 -X (::Str -S. MtRtt*-'® V ^ Z. k A^mX'$> o fz . 
[0006] 

[%Bj;iW;^Li: d t^€.illi] Lfzti<-^X^^Bm±i^ 
)Ua-x(,ziitthiS.R^tifzm^^^:^-t^yi<.mi±PQ 
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-7)V V -X {Cirr h RJCttA^'ffiV vJ<^'l± P Q Q G D H ^ 
[00 07] 

P Q Q G D H 5r5S[^ LT -?-«0;^7l^3 -X tCitr-SSt/^tt 
$riSi6. iSlflse^^d!K»-^^i:k:*EfflT-$'^55^SP 
QQGDH?:^^-r^<^S^^$r^T^-5 7^c^m. 
ttP Q QG D H<7)#^iO««{(CtJt r $ y ^^M5r# 

{i, Acinetobacter calcoaceticus SJfeTkf^tt P Q Q G 
DHcO 1 6 7#Bc7)TXyN°5^>K^^tCffl^^-r-&r 5 
ygtaia^^flfetfOr 5 y ^?^-CSm$*t.-C P Q QG 
DHSr^ltt-r^. *5^B^COPQQGDH{i, ^.iO*?^ 
ftPQQGDHi: Jt® LT i^'yPrj-xlC^f LTMl^^tt*-' 

^MPQQGDHIi, ^;W3-xlcm--g.SJS5tti:Jt^ 

M-r-g-MJEBttSr 1 0 0%i: L/cJ^-^, — xfcSV^ 
Ji-^yp h-xtc^-r •SvS'tt 5 0 %JjjlT-e^b 0 . i 0 » 
i L < {i4 0 %mTT'S) 0 . ^ L < <4 3 0 

[0008] ^Bflw^tcfcv-^TTS ye»«if^{4M^ 

Mi.{i\ Acinetobactercalcoaceticus VJ.9V<^)&/SSi 
tC*3fe-rS7j<JSiPttP QQGD HtCBl^T , Acinetobacte 

r calcoaceticus i5M<?§i±P QQGD Hc?:)|g 1 6 4?S 

1 7 oT^ffymmtT ^ ymLmm.im.<7i^^^^ 

cOge«fctiV |5l tfftmSr LT I ^ •& i: -^SMlc* 
;c ^>tl..2)i#o'. WLW)Mi r Acinetobacter calcoaceticu 
s i3|^7K?§'t4PQQGDHc7)l 6 4^^*^^. 1 7 0»S 
«0«l||tcffiS-rS J 5^>tc. l?[«i^com4 

#@<7)T5 y^SSJi: r Acinetobacter calcoaceticus 
**?K?§ttPQQGDHtfO|gl 6 7J^{Cffl^-r^ J 

[00 09] if*L<l4. ^^m<DPQQGDHl±. Mi 
1 T^^ix-S.r 5 y^iE^J<?5 1 6 7#Bcorx>'N' 

[0010] *3tSiJ<50«,^itCt3V'>T«4. 3(s:^HS<7)P QQ 
GDHti, lE^lJ : 
Ser Gin His Xaa Lys Ser Ser 
(5^+, Xaa{4AspJ.m<^ffi««^^TSyg?^»-eS> 
-g. ) ^-^tf. 



[00 11] *fgBB{i:*y:r. Ji^cOPQQGDHSrr?— 

5: -t-tfJ^^K^f*: , is J: X/^^m<7) P Q Q G D H coMM 
^4.t^'{c;3|s^Bfl^opQQGDHS^#t^i?'/^3-x 

[0013] 

★jg-tt PQQGDH$-3 - F-^S agfe^Or? ^C^V 
^^^'tcx ^-:7'n- >- P c R^tc J: 0 ^ >-^A{c^M 

QGDHc7)9^:r5iJ_5:«|gtJt» .ItlSrAMffltCje 
©te«L. PQQGDHCO-^tttCOC^T;^^ 

UT. 1 O 0mMaig<7)^;p3— xtcm-'S>Vg'i4*^iFft 
fflPQQGDHi:Ii]^T-S>-S*^', 1 O O mM<?9V;P ^ — 
X tC^tT S «tt3&«»^a P Q Q G D H J: 0 ^KT LJt P Q 
Q G D H S: ^^^t^ ^^cOi? D— „ 

[0014] Clix^cO:?^— — r^tc-OC^TjlfS^K 
^JSrWWbJtt a^l 6 7#ec7>As p*iG 1 xil,Z 

tx^i''^'. ^ov-^. r^^:^, Ui^'i^. Tx 

LT t PQQGDHJ:Dt>i5^;k 
[00 151 3t:|%HJ<OagS^PQQGDHlCt5V^T{±. 

Sanbrook^," Moleculeir Cloning; A Laboratory >fanua 
1" .Sg2IK, 1989, Cold Spring Harbor Laboratory Pre 
ss. New YorktCie^J^ixTV^^. 

[0016] $ ^(c, ^«*{±, mcr>mmiZ}Mmthyi(. 
i.z^m^tLtt-im,m^im-t^ ^ t tc i o . Acinetob 

acter calcoaceticus^3fS£^7K8?'t±PQQGDH<?)||l 

6 7#B<7)rx>'N-^df >-g.{cffl^^-f--S.«l»Sr^^fclS^ 

^t:m<r>T $ y ei^SST-SJIi-r -5 ^ i: J: O . i^iVzi 
-Xtc*tr ■SaS^ttT&^'lSlJi Lt^cBC^M P Q Q G D H 
^Jltd^T'^^. C:iX<i><?0eSt^PQQGDHt2|s:^B3 

et^MPQQGDH<?3i3jt:ft-}£ 

Acinetobacter calcoaceticusi5feC05^^<?57K?§'[4 P Q 
Q G D H Sr 3- H-r -i.®fE^<^iE?iJ{4SS?^iJ#-^ 2 X'^M 
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[00 17] 2|s^B^co5X^SPQQGDHS-zJ— K-r-g. 
itfKi^ti. ^<^*^14PQQGDH$:rJ-h'-rSilfE 

[0018] ncox 0 iz Lxmz^mmm^^miii^m 

[0019] ^>'^jU^PSr^A-f-^J®-^t=:(i. SWt 

ttp Q QG D Hafs^^-f y -Srffi^-r -1. . 
10 0 2 0"^ z.ix^±.mmi,zmmm.mv. pqqgdh 

<r>y)v^—:xi,zn-t^miiRmz^\yx^^^—>^:^-:^ 

'^--^-^^-r-S. ?K?#ttPQQGDH{i^at:tJV%T 

ClfO^-f r^y — Srfefgi: LTPMS-DC 
IP'SrMz.. PQQGDHiOvSttSrBlllciOfJ^L 

1 0 OmMiiScO^/l^n— XtCitf--&Vl§'tt*^'S^S 
PQQGDHi:|Hl^fS>-g.*^\ 1 0 0 m M^0-<';^ h — X 
tC>l^r-r ^ Mtt* WrfeS PQQGDHiO iST L 7t P Q Q 
GDHSrf^-r«.^D->'SrS«?L. it<£^Hi3«JSrj!l*f 

[00 2 1] ±j&coXo<,Zl,xni^ixti. gjQEMPQQ 
GDHSr^-f-S?g«IS«if*c2:^«L. *g^3&»<^S'll^ 

^m^^^^x-mw^mmi^tzm. mi^^yu>^yu^^ 
^vy^xj^wmi:mmfi*izmii^it?> . 

^BIL, PQQGDH S:-&tJ*?§14®:}i- ^n^Zk ifX' 

iO, ^3eiL7tPQQGDHSri|f«?gtt>tC^V^$-ti:^i 

hy'yv^—, Ty ^ —"r^—i^^-^hy^:? h 
P L C :5ri:lc J: 0 Wl^^S d i: J: 0 . *^bJ<7)K^ 
PQQGDHSrP»-rS. 

:*:f&BJ<OPQQGDH{i. PQQ^«^StLT, i^/W 

[ 0 0 2 2 ] ^vSttoaSSti. PQQGDHlCi^j?' 
/U-n— x<?Dg?^ttc;i: t=5roT3g7c$ix* PQQcoaS-B? 

■flrjl7cfe«cOMfeSJEE4c J: 0 ^fi-T ^ i i: *<T'# . M 
feiS^fcLTJi, C?iJi.{f. PMS (7i-^$/'>■^ h-'f^'l' 
:7x— h) -DC I p ( 2. e-v-'rJ'no^jiy— yu-f 



2(s:|^HH<0 P Q Q G D H cOrT/l- a-:x.izfctt ■& iMtRttii . 
SWi:LT. 2— r:tdri^-D-:J^;U3-;^. -7>'y- 
X. Td— 3 — o — D — ;{^yUrJ— if^ 
9) X, ^i^Q— X. 7^) Xt3j:l/!"-7/H — 

^i. C i: tc J: 0 WfiBi-r S i i: *^X' # ^ . 

:=^mmzm.o^^m.PQQGr>H^^ts 

3— xr -y -fe-fdf y h(i, 2|s:^BJtCfi!aeSf^SPQQG 
D H $r^-^ < i: 1 1 HKor >y -fe-f fcr-Hi-^aT'^tf . ft 
SWtCti, ^yhti, *5K6B3oe?^PQQGDHecJP 

r>y-fe-YtCit^S=5riS«M, ^T-'-f 
y yi^-i^ 3 y#t8co/^*^iO:r;U3— x^2^^ 

QQGDH{i«/roje®-c\ 0ijx<f. mm^mt^ixfzm 

^h^tti^X^h. »i t<(i:*:^BflOeS?^SPQQGD 

L , o-fb-r -1. ^ i: i. . 

*3%BJt::taf3gjr^^pQQGDH2-fflU 

lf^S:fflv>-&:Srffi. ift^H'-x'h y •y:5'x>4'tcf*A-r& 
fSrKy-e-. g!^tS7c.-Ky-7-^i:3&t3^>o. ^i,\>my 

— ^— i: t tfcTKy-?— "ft-HISSi-SvitimeLhtc®^ 

V^, »i U<«i*^BJc0e5?^PQQGDH{i*O<liL 

/s?^®-c-m«BJt(ciii^-fi:-r -1. r ^KPScTjj^.^-eia^ 
^tL. PQQ?: ^cTimtLx^f^timm'Pxmm-r^z: 

2|s:^BBiOKiEM PQQGDH -;K>««iJiicEI^-fb 
LJtf*. T 5 :^mt:^-t?>mX9mLX^/U:!^/l'TfU 

[00231 ^r/t-n-xiHScoaiJ^ti. JJATCO J; olzL 

xnd::ttfix'^?>, m.i&'^Mzimmm^xti. pqq 

Wk^y^A, h-9-;U7jt— 

I) c: t *^'T' -g. . i^mmm tvx ^^m<7)i!i^m pqq 
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[00 24] 

immm\ wt. mmm^z&-:^\.^x^^m^mmi,zmm 
^mm^ixh<7ymmm^zw^^tthh<Dx\i 

[0025] mmm i 

p Q Q G D H mm^ ^^y^^v cr>mmi3 i ixx y 

Ta qDNA.-KUX^^Hf ( 5 U/// 

U ^N'— ;:^:7-^ V— A B R 

1 ox Taq.iry^^— fevs: y:7r 

IM /3-:<jU:^yh:s:,^y—;U 

DMSO 

5mM MnC 1 2 
lOmM dGTP 
2mM dATP 
lOmM dCTP 
lOmM dTTP 

HaO 



:r^X5 HpGB2«i. '^:^^-pTrc99A (7r 
/UVi^rttM) cO-^J\^^i^x=i——y^^mz^ Acinetob 
acter cal coacet icusi3ft PQQGDHSrr? — H-^^j^ 

^C. 94-C3^S. 5 0'C2^ra. i3ilX7 2X:2^ra 
3 Oif^ ^^/U. fif^tCT 2-CT 1 0^mcO^^X'ff-:> 

[0026 ] 
[«1] 



1 ) 



0. 


5u 1 


1 . 


0// 1 


4. 


Ou 1 


4. 


OjLt 1 


1 0. 


0// 1 


1 . 


Om 1 


1 0. 


Ojt/ I 


1 0 


. Om 1 


2. 


0// 1 


2. 


Om 1 


2. 


0// 1 


2. 


0// 1 


5 1 


. 5m 1 



f#^ix/::^M;7K?§14P QQG D H(5^^>f y -Sr^J^ 

y;<?L. >^:fjcoy'ly—hlziiy/ua—:z.mmi 0 OmM 
fcctt/PMS-DC I p^jpi.. ffe:trc7):ru— h^cfii 

0 OmM-e/l/l Xi^3j:tXPMS-DC I P jDi. . M 

[0 0 2 7] ^c^d^loc7)^a— V^fiBm^cSt/. 3I 
f^^iB5'JSrMWL;^ci:^^. 1 6 7#g(20rxyN^^^e^>^ 

[0 0 28] m^m2 

ex^M P Q Q G D HmBr¥-(7^mm 

i2?U#"^ 2 (-C^^ tt-S Acinetobacter calcoaceticus^ 

3SPQQGDH<7)^itaf^Sri>^(C. SE^iJ : 

5*-CC TGA CTG ATG GTG TTT TGA TGA AGG-3' (iJ^'JS 

^: 4 ) 

1 6 7#ScorxyN-^^>'K^^Ui/VCC^L/::. 
{a^HpSfi^mr^X^ HpGB2*fflV^T. 02 ^dS^ 

^mi^zx^'^-ofz. 

[00 29]^::?' $KpKF18k ( ^ffiit 

(tS) ) tCAcinetobacter calcoaceticus i3t^PQQG 



10 0. Om\ 
DHSrn-Ht-SilfK^O— SP^-^OKpn I"Hind IIlBr 

I— h5 0 f mo 1 h^Mit (1*) iSMu t a n 
Sg) -Express Km^^y V iiZnm(0'^\y 

3>':7-^-f -7— 5pmo 1 . V>mitLtzi$^-yyhy^ 

^-f V-5 Op mo 1 Sr^#: (20//l)^l/10S 

loox:. 3^®co^MaT':r^x$ HSr^lt^-ti-. i 
:^^^-( iy>m^mm'7-±(,z^^zM(7)T>y<—^m^ 

m^ yhJ:^1^X^>'zyBy^<>y^r-'^ 1 M I COT 4 
DNA^J/f—-^^ 1//1C0T4 DNA.i^U^^— lfi> 

[00 30] ^iX^rDNA^O^;^^ yf-l^fgfg^iS^ST- 
fc-S>E.coli BMH7 1-1 8mutS^::?^«teML. — Bfe 

[0031 ] mz^ \^fzy'''y:K ^ KSrE.co 

li MVl 1 8 4(c?^«temL. ^(ry^\:t--t^i^y'-y 

T^^o ^r^^OEKn-Sr. r^-X^ HpGB2Jic:oa^^^PQQ 
GDH5rr7-K^^5SfK^c7)Kpn I-Hind II Iffif^T-i: AtL 
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[00 3 2] mmzLX, Aspl67Ala, Aspl67His, Aspl 
67Lys. Aspl67Asn, Aspl67Gln, Aspl67VaK Aspl67Ty 
Aspl67Cys. Aspl67Ser, ^spl6^1rpC0^^mi^^i> 

[0033] a?**Ml3 

P Q Q G D H £7)PS3 

t. tzliH&^m PQQGDHS:3 - S jS^e^ 

2-. E. c o 1 i T'*)-?) pT r c 9 9 

AL. 1ill$ft:^7*^;^5 FS-E.coli DHSamzm 

Stemtfc:. ::ixSr4 5 Om 1 <7)Lt§*fe (TVf v-y :^ 
5 0MsXml. ^u=7Jy.y au—zi—)V'3 0usym\ 
) T-«n 77X32:ffl»,^-C37 'CX'—mmk. o tg« 
L. ImMCaClz, 5 O 0ji/MPQQ^^tt7 1 £0 
Lt^iffitcafflL^. t§«P$&fMJ3i^raT'-f Vzrx3\^)V 

(soooxg. \ o^. A°c) X'mw^mm.\^. :i<7)mw 

SrO. 8 5%NaC l^?gf2[slSfe?tL7t:. mffiLTtffi 

f!|cS':7ixv^:rix'XT«Sa*L. iS'tv^J-Si (looooxg. 

C^^J-SI (160500Xg (40000r.p.in.). 9 0^. 4-C) 
[0034] ^^tw, id LTtt^^Tk^tta^^ 10m 

M V >mMmmp h 7 . o x-mmr vfz. mm vti^ 

^yjUi^ 1 0 mM y >WSS:mmp H 7 . OT'^-fk 

^>-3cJ^:5' O V b :7 ^ — fflJt^;^? ^AT S K g 
el CM-TOYOPEARL 650M(my— *fe 
iC^a) CliO^^ASrl OmM»J>'K^ 

mmpH7. 0. 7 5 om 1 t:"^fc?tL;tm, 0-0. 2 

M NaC 1 Sr-^tf 1 0mM'Ji^B!M«?SpH7. 0$- 
fflVV St^Sr^Saj^itTt. ggiSJiSm 1 /m i ntlf o 
GDHJStt&^g^SHrJJ-^HIiRL, lOmM MO 



PS-NaOH^«fM (pH7. 0 ) T— %@WL3t. 
i<0 ct 3 LTm^a<i[)WC:te>— =5rS[^MP QQGD H 

[00351 mmm4 

mm'iS^<7)m^ii , SiStctJV^-c. lOmM mops 
-NaOH^«?8[ (pH7. 0 ) '^^Zi5\,^X PMS 
i-^i^V^ hif/I/y'j:— h ) -DC I P ( 2 . e-i^:^ 
aD7a:y— >'K7x.y— yt^) SrfflVK DCIPCO 
6 0 0 nm<^ia3fei^'fk$-tiH19fe;^tf5-fflV%Ti6SlPL. 

^ , 1 1 ju m o 1 COD C I P j&^Stc^ iX-l>P«vS 

142: 1 JL- .y hi: L5t. Sit, DCIPcOpH7. 0(c 
fcft-&^:/l'tR3e^SI»ti 16.3 mM-i t L/vT. 

[0 036] mmM5 

#2S:3^P QQGD HcoffiiKS5!«E3gMiHiCov^T»^ 

MttSrii^Tt, |gJ6Caj3ti#^>fX7t:BF^MJ3J:lf=g-K^ 
M P Q Q G D H <Offi«i?^lip°o ^r-eixmijuMPQ 
Q. ImM CaC 1 a^^^T-Cl^^iaJb^^D-fkL 
/v:. .rft^r ISlfii "Trj^aL, 3xt 1 covg-ttSClg 
(6mM DCIP. 600mM PMS. 10mM>J 

omm(r>y)Vzi—x^ — xt>j:i/-<'/n — x$-i 
mAhmm(,zm!^^^wm.\^rz. miiv>\^^—:xim 

etLTtt^oviStt^ 1 OOi: c:irm:r^^-r-S.ffl^ 

PQQGDHJSv^-fyxt^^' 1 — :^i/:r«v;n — xfc 

[0037] 
[«21 







=7^ V-X 


vyH — X 




100% 


54% 


58% 


Aspl67Gly 


100% 


21% 


0% 


Aspl67His 


100% 


86% 


0% 


Aspl67Tyr 


100% 


57% 


17% 


Aspl67Ala 


100% 


68% 


13% 


Aspl67Glu 


100% 


32% 


10% 


Aspl67Lys 


100% 


54% 


16% 


Aspl67Asn 


100% 


62% 


14% 


Aspl67Gln 


100% 


59% 


53% 


Aspl67Val 


100% 


4% 


36% 


Aspl67Cys 


100% 


57% 


22% 


Aspl67Ser 


100% 


66% 


15% 


Aspl67Trp 


100% 


61% 


15% 
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mmme 

MMm 3 Ti# ^tlfzm^ PQQGDHi^J: lXAspl67Gl 

uf&^mpQQGDH<ommmmmm&i:m\^^x . mm 

m5tmmiZ^tl^tLlMMPQQ^ ImMCaClg 
^TT'lB^raiiUi^O'ftL/vr. ^a5r 1 8 7xx 1 -To 
-^i^L. 3m 1 (OiSiiMM ( SmMDC I P4 8// 1 , 
eOOmMPMS Sul. 1 OmMU VB!M«SpH 
7.0 1 6;Lt I ) ±>J:lX#igScOD-^;^r7-;:<?r/a 

Km;fe ilXVma x^^^i6/v:. »^MP QQG D H(7)^ 

mMT^>->/v!o S/c. »^PQQGDHc7)vS14Sr 1 0 
0%h LJti: ^cOAspl67GluCOJtvgtt«9 0%J^JLhT'*) 

COO381*SS0IJ7 

eX^PQQGDHSrfflV^T^^Un-J^^T'y-ir-f L 
?to Aspl67GluS^SPQQGDHSr. IjuMPQQ. 
ImM CaC 1 2 #«TT- 1 tLt^^ O-f k L . #8 
J^t3j:t>'5juMPQQ. lOmM Ca 

ietg<50»^vSttc7)M^^^(cm DCIPcoeOOnm 

Aspl67GlueS[^SPQQGDHSrfflV^T. l-50 0m 
Sequence Listing 
<;110>; Scxie, Koji 
<;120>; Glucose Dehydrogenase 
<;130>: 001224 
<;160>; 4 
<;210>; 1 
<:211>; 454 
<;212>; PRT 

<;213>; Acinetobacter calcoaceticus 
<;400>; 1 

Asp Val Pro Leu Thr Pro Ser Gin Phe 

1 5 
Phe Asp Lys Lys Val He Leu Ser Asn 
20 25 
Leu Trp Gly Pro Asp Asn Gin He Trp 

35 40 
Lys He Leu Arg Val Asn Pro Glu Ser 

50 55 
Gin Val Pro Glu He Val Asn Asp Ala 

65 70 
Gly Phe Ala Phe His Pro Asp Phe Lys 
85 

Ser Gly Thr Phe Lys Asn Pro Lys Ser 



[003 9] mmms 

5:2.^ *y hC7)Aspl67Glu2fe^SPQQGDH^C:;<?— :;JfV 

t^lOmM MOPSM«?K (PH7. 0) ^X'-mSTC 

MOPSigffiJR (pH7. O) 4iT'M;®T'2 O^raiaS 

$rlOmM MOPSMaf?K (pH7. Q) ^Xm^X 
l^ram±Tfi5^t;$-li-7to «fii«i:4rT'«#L;to 

[0040] ^^\^fzmm^^^^-^Wi\^x^)v^-:x 
^^m. p Q Q G D H ^ la^^fb \.fzmm^ 

[004 1] 

PQQGDH$:fflV^?tJ^tcJt^. J: 

[004 2] 
[iS^iJ^] 



Ala Lys Ala Lys Ser Glu Asn 

10 15 
Leu Asn Lys Pro His Ala Leu 
30 

Leu Thr Glu Arg Ala Thr Gly 
45 

Gly Ser Val Lys Thr Val Phe 

60 

Asp Gly Gin Asn Gly Leu Leu 
75 80 
Asn Asn Pro Tyr He Tyr He 
90 95 
Thr Asp Lys Glu Leu Pro Asn 
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100 



105 



110 



Gin Thr He lie Arg Arg Tyr Thr Tyr Asn Lys Ser Thr Asp Thr Leu 

115 120 125 

Glu Lys Pro Val Asp Leu Leu Ala Gly Leu Pro Ser Ser Lys Asp His 

130 135 140 

Gin Ser Gly Arg Leu Val Tie Gly Pro Asp Gin Lys lie Tyr Tyr Thr 
145 150 155 160 

He Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn 

165 170 175 

Gin Ala Gin His Thr Pro Thr Gin Gin Glu Leu Asn Gly Lys Asp Tyr 

180 185 190 

His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp Gly Ser He 

195 200 205 

Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His He Tyr Thr 

210 215 220 

Leu Gly His Arg Asn Pro Gin Gly Leu Ala Phe Thr Pro Asn Gly Lys 
225 230 235 240 

Leu Leu Gin Ser Glu Gin Gly Pro Asn Ser Asp Asp Glu He Asn Leu 

245 250 255 

He Val Lys Gly Gly Asn Tyr Gly Trp Pro Asn Val Ala Gly Tyr Lys 

260 265 270 

Asp Asp Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys 

275 280 285 

Ser He Lys Asp Leu Ala Gin Asn Gly Val Lys Val Ala Ala Gly Val 

290 295 300 

Pro Val Thr Lys Glu Ser Glu Trp Thr Gly Lys Asn Phe Val Pro Pro 
305 310 315 320 

Leu Lys Thr Leu Tyr Thr Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro 

325 330 335 

Thr Cys Gly Glu Met Thr Tyr He Cys Trp Pro Thr Val Ala Pro Ser 

340 345 350 

Ser Ala Tyr Val Tyr Lys Gly Gly Lys Lys Ala He Thr Gly Trp Glu 

355 360 365 

Asn Thr Leu Leu Val Pro Ser Leu Lys Arg Gly Val He Phe Arg He 

370 375 380 

Lys Leu Asp Pro Thr Tyr Ser Thr Thr Tyr Asp Asp Ala Val Pro Met 
385 390 395 400 

Phe Lys Ser Asn Asn Arg Tyr Arg Asp Val He Ala Ser Pro Asp Gly 

405 410 415 

Asn Val Leu Tyr Val Leu Thr Asp Thr Ala Gly Asn Val Gin Lys Asp 

420 425 430 

Asp Gly Ser Val Thr Asn Thr Leu Glu Asn Pro Gly Ser Leu He Lys 

435 440 445 

Phe Thr Tyr Lys Ala Lys 

450 
<;210>; 2 
<;211>; 1612 
<;212>; DNA 

<;213>; Acinetobacter calcoaceticus 
<;400>; 2 
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agctactttt atgcaacaga gcctttcaga aatttagatt ttaatagatt cgttattcat 60 
cataatacaa atcatataga gaactcgtac aaacccttta ttagaggttt aaaaattctc 120 
ggaaaatttt gacaatttat aaggtggaca catgaataaa catttattgg ctaaaattgc 180 
tttattaagc gctgttcagc tagttacact ctcagcattt gctgatgttc ctctaactcc 240 
atctcaattt gctaaagcga aatcagagaa ctttgacaag aaagttattc tatctaatct 300 
aaataagccg catgctttgt tatggggacc agataatcaa atttggt.tae. ctgagcgagc 360 
aacaggtaag attctaagag ttaatccaga gtcgggtagt gtaaaaacag tttttcaggt 420 
accagagatt gtcaatgatg ctgatgggca gaatggttta ttaggttttg ccttccatcc 480 
tgattttaaa aataatcctt atatctatat ttcciggtaca tttaaaaatc cgaaatctac 540 
agataaagaa ttaccgaacc aaacgattat tcgtcgttat acctataata aatcaacaga 600 
tacgctcgag aagccagtcg atttattagc aggattacct tcatcaaaag accatcagtc 660 
aggtcgtctt gtcattgggc cagatcaaaa gatttattat acgattggtg accaagggcg 720 
taaccagctt gcttatttgt tcttgccaaa tcaagcacaa catacgccaa ctcaacciaga 780 
actgaatggt aaagactatc acacctatat gggtaaagta ctacgcttaa atcttgatgg 840 
aagtattcca aaggataatc caagttttaa cggggtggtt agccatattt atacacttgg 900 
acatcgtaat ccgcagggct tagcattcac tccaaatggt aaattattgc agtctgciaca 960 
aggcccaaac tctgacgatg aaattaacct cattgtcaaa ggtggcaatt atggttggcc 1020 
gaatgtagca ggttataaag atgatagtgg ctatgcttat gcaaattatt cagcagcagc 1080 
caataagtca attaaggatt tagctcaaaa tggagtaaaa gtagccgcag gggtccctgt 1140 
gacgaaagaa tctgaatgga ctggtaaaaa ctttgtccca ccattaaaaa ctttatatac 1200 
cgttcaagat acctacaact ataacgatcc aacttgtgga gagatgacct acatttgctg 1260 
gccaacagtt gcaccgtcat ctgcctatgt ctataagggc ggtaaaaaag caattactgg 1320 
ttgggaaaat acattattgg ttccatcttt aaaacgtggt gtcattttcc gtattaagtt 1380 
agatccaact tatagcacta cttatgatga cgctgtaccg atgtttaaga gcaacaaccg 1440 
ttatcgtgat gtgattgcaa gtccagatgg gaatgtctta tatgtattaa ctgatactgc 1500 
cggaaatgtc caaaaagatg atggctccigt aacaaataca ttagaaaacc caggatctct 1560 
cattaagttc acctataagg ctaagtaata cagtcgcatt aaaaaaccga tc 1612 
<:210>: 3 
<;211>; 20 
<;212>; PRT 

<;213>; Acinetobacter calcoaceticus 

<;220>; 
<;222>; 4 

<;223>; Xaa is any amino acid residue 

<;400>; 3 

Ser Gin His Xaa Lys Ser Ser 

1 5 
<:210>; 4 
<:211>; 16 
<;212>; DNA 

<;213>; Artificial Sequence 
<;220>; 

<;223>; primer for point mutation 
<:400>; 4 

cctgactgat ggtgttttga tgaagg 



[112] m2lt. *^0B^oeX^MPQQGDHS:3- 



-g,^yur7— xor •y-fe>f Sr^-T. 
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rrnB terminator 



Amp 



[1321 



Kpnl Hindm 



Kpn\ HindW 



pGB2 



^ 2.2Kb 



Kpn\ HindWX 
1.1Kb 



, pKF18k 



Kpn \ hUnc 

,L_J 

pKFISk 



ind\\\ 



Kpnl HindWX 

( 1 



/C pnl H /nc/lll 
pKF18k+pGB2( Kpn \-Hind III) 

Kpnl Hind la 



>^ pKF18k+pGB2( Kpn l-/V/ncnil) 
Kpnl HindWX 
X -^X 



teaft^PQQGDH 
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i 



12D 

too 

80 
60 
40 

o4 



— Q 
' O 






















* 


















c 


^ ABp167Qhi 1 

> mmsi 1 - 















100 200 300 400 500 



< 



I ' ' ' I ^ ' ■ I 



100 200 

ij^^m-xaa (mM) 



(51)Int.Cl.v ilSWe-^ FI f-73-K(##) 



C 1 2N 


9/04 


CI 2Q 


1/32 


C 1 2Q 


1/00 




1/54 




1/32 


GO 1 N 


33/66 




1/54 


(CI 2N 


1/21 


GO 1 N 


33/66 


CI 2R 


1:01) 


//(C 1 2N 


1/21 


(C 1 2N 


9/04 


C 1 2R 


1:01) 


C 1 2R 


1:01) 


(C 1 2N 


9/04 


CI 2N 


15/00 


C 1 2R 


1:01) 




5/00 



F:$^— A(##) 2G045 AA13 BB20 BB60 CA25 CA26 
DA31 FA26 FA29 FBOl FB04 
FB06 FBll GCIO GC12 GC20 
4B024 AAll BA08 DA06 EA04 GAll 
HAOl 

4B050 CC03 DD02 LL03 

4B063 QAOl QA18 QQ02 QQ68 QR04 

QR82 QS02 QS28 QS36 QS39 

QXOl QX05 
4B065 AA04Y AA26X AC14 BA02 

CA28 CA46 



